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GENERAL COMMENTS
The first thing I want to say about this paper is just how well written it is. Remarkable even if it was from a country whose native language was English. They introduce their study by describing an alarming 20% increase in breast cancer mortality in Brazil in the period 2008-2013. They set out to explore this "growing public health problem" by an ecological survey of all the municipalities in the state of Sao Paulo. Amongst these municipalities was an extreme range of breast cancer mortality varying from zero to >120 per 100,000 women years. Each of these subdivisions of the state were analysed by a very well documented and complete set of potential co-variants, in particular those that account for social class and poverty. They describe their statistical analysis in detail. It looks intriguing and at the "Bayesian extreme" of methodology. I don't mean that as a criticism as I look upon this approach as a way of searching for patterns of probability against background noise. [You need another expert to review this paper from the statistical viewpoint and I would suggest Professor Klim MacPherson or Professor Doug Altman] They pick up four highly significant correlations of co-variants for breast cancer mortality, three of which are unsurprising and intuitive; namely a positive correlation with wealth using Private Health care as a good surrogate and nulliparity as a good surrogate for incidence. There was also the expected inverse correlation with low income. The surprise and counter-intuitive positive correlation was between mammography ratio and breast cancer mortality. Now I can well understand an increase in incidence of breast cancer and an increase in all cause mortality linked to over-diagnosis and over-treatment of breast cancer linked to intensity of screening, but an increase in cause-specific mortality is hard to understand. Their explanations for this observation are not convincing. Assuming their methodology is robust then the only conclusion I can provide is that the attribution of cause of death (CoD) was biased for women with a prior diagnosis of breast cancer. For example a woman dying of radiation induced lung or oesophageal cancer might have her CoD described as breast cancer.
REVIEWER

Paolo Contiero
Fondazione IRCCS Istituto Nazionale dei Tumori, Italy REVIEW RETURNED 23-Apr-2017
GENERAL COMMENTS
This is a very well written paper on the topic of breast cancer mortality risk factors. The authors proposed a study based on an ecological design with the use of some variables coming from routinely gathered and public data. The study is very interesting both for the results and for the design, however to further enhance its value I advise the followings:
Major revision This is a study whose aim is to identify a causal relationship between some risk factors and breast cancer mortality. Which is the better study design and which are the methods to analyze the data coming from studies like this is very debated into the scientific community. According to the authors, the ecological design gives some advantages to better identify the risk factors and in the Discussion section they debate about this topic. Their argumentations are well presented.
There is a topic linked to study design, it is the methods to select variables. The authors applied a stepwise algorithm with reverse direction for model selection. The selection of variables was based on statistical analysis. They started computing the VIFs (variance inflation factors) and then other statistics to solve the problems of collinearity between variables. The use of this method for selection of model's variables is correct in the case of hypothesis-generating studies bat discouraged in the case of hypothesis testing studies, as clearly stated in the paper by Zuur et all the authors cited and also , for example, by the book "Regression Modeling Strategies", chapter 4, by Harrell. For hypothesis testing studies it may be better to make use of a priori knowledge to select variables. However, because this is a well performed study, it is enough for me that the authors explain the difference between the variable selection method they have chosen and the different approach based on "a priori" knowledge" that Zuur and Harrell suggest. For example, the results the authors got for the Gini Index can't' be explained better by using another unselected variable ? Another point to be clarified is the following: in the Introduction section the authors correctly said that there are some risk factors, such as diet rich in processed and red meats, not included in this study because these variables are not available. Because the results and the conclusions of the authors are very strong about screening effect on breast cancer mortality, in the discussion it is mandatory to evaluate the possible confounding effect of the not available variables on the results. For example: would it be possible that the screened women are the ones with the worst diet ?
Minor revision
As said above, the stronger conclusions are the ones about screening and breast cancer mortality. 
The first thing I want to say about this paper is just how well written it is. Remarkable even if it was from a country whose native language was English. They introduce their study by describing an alarming 20% increase in breast cancer mortality in Brazil in the period 2008-2013. They set out to explore this "growing public health problem" by an ecological survey of all the municipalities in the state of Sao Paulo. Amongst these municipalities was an extreme range of breast cancer mortality varying from zero to >120 per 100,000 women years. Each of these subdivisions of the state were analysed by a very well documented and complete set of potential co-variants, in particular those that account for social class and poverty. They describe their statistical analysis in detail. It looks intriguing and at the "Bayesian extreme" of methodology. I don't mean that as a criticism as I look upon this approach as a way of searching for patterns of probability against background noise. You need another expert to review this paper from the statistical viewpoint and I would suggest Professor Klim MacPherson or Professor Doug Altman] Answer: We used in this study an ecological design whose spatial unit was the municipality. Such design raises the issue of the pseudoreplication, the values of the dependent variable (the mortality rate) are not independent of each other. The pseudoreplicaton here is related to the spatial autocorrelation. Even the mortality rate has spatial autocorrelation, this can be controlled by the covariates that enter in the final model. Thus, we need to test if the residuals of the final model have spatial autocorrelation. If it was not the case (just what happened is our study), than we have a good model, since the other modeling conditions were attempted (residuals with Gaussian distribution, zero mean and homogeneity). We used the Moran test to evaluate the spatial autocorrelation of the residuals of our final model. Summarizing, we made a linear multiple regression analysis. After testing for spatial autocorrelation (the result of our Moran test was not significant), we realized that it not was necessary to consider a spatial component in the final model. They pick up four highly significant correlations of co-variants for breast cancer mortality, three of which are unsurprising and intuitive; namely a positive correlation with wealth using Private Health care as a good surrogate and nulliparity as a good surrogate for incidence. There was also the expected inverse correlation with low income. The surprise and counter-intuitive positive correlation was between mammography ratio and breast cancer mortality. Answer It was indeed surprising and counter-intuitive for us too. We first thought it was a problem of the research design, but triple checked and it was not. Then we searched in the literature and we were surprised with the many papers questioning the effectiveness and the safety of mammography, and even suggesting that this form of screening should be reconsidered. Searching for Brazilian studies, we found more surprises: a research showing that women using the private sector (and having more access to medical care, including more mammography and cancer treatment) had not only increased incidence, but also increased mortality, and even their survival time was shorter. (Silveira, 2011) Bello (2010), in the state of Rio de Janeiro, found that "higher income" and "mammography equipment index by municipality" were variables that had a direct association with mortality. These studies were master and doctoral theses in Public Health and were not published (we can guess the reasons). Now I can well understand an increase in incidence of breast cancer and an increase in all cause mortality linked to over-diagnosis and over-treatment of breast cancer linked to intensity of screening, but an increase in cause-specific mortality is hard to understand. Their explanations for this observation are not convincing. Assuming their methodology is robust then the only conclusion I can provide is that the attribution of cause of death (CoD) was biased for women with a prior diagnosis of breast cancer. For example a woman dying of radiation induced lung or oesophageal cancer might have her CoD described as breast cancer. Answer The biased attribution of cause of death for women with a prior diagnosis of breast cancer (as those dying of radiation induced lung or esophageal cancer might have their cause of death described as breast cancer) is a very plausible hypothesis, and we included it in the paper (6th paragraph of the item "Mamography ratio" of the Discussion). Indeed, providers assisting these patients can find it difficult to distinguish between cancers that could be metastatic from the primary breast cancer and those that are primary cancers, even if induced by the radiation treating or diagnosing the condition.
-Paolo Contiero -Reviewer 2
Major revision This is a study whose aim is to identify a causal relationship between some risk factors and breast cancer mortality. Which is the better study design and which are the methods to analyze the data coming from studies like this is very debated into the scientific community.
According to the authors, the ecological design gives some advantages to better identify the risk factors and in the Discussion section they debate about this topic. Their argumentations are well presented.
Answer Indeed, we did not intend to affirm a causality link, but to raise and give density to a hypothesis based on associations, to be explored in individual-level research designs. We thank the reviewers for showing that this was not clearly stated. Ecological designs have advantages in elucidating the invisible effects on the individual level, as overdiagnosis and overtreatment are better studied in populations, owing to the difficulties of estimating them at an individual level. But this is not any definitive evidence of causality. We recognized that it was not properly explicit in the paper, and corrected all possible suggestions of a causal link. Therefore, we adapted the the manuscript (abstract, strengths and limitations of the study, introduction, discussion and conclusions), trying to clarify this issue.
There is a topic linked to study design, it is the methods to select variables.
The authors applied a stepwise algorithm with reverse direction for model selection. The selection of variables was based on statistical analysis. They started computing the VIFs (variance inflation factors) and then other statistics to solve the problems of collinearity between variables. The use of this method for selection of model's variables is correct in the case of hypothesisgenerating studies but discouraged in the case of hypothesis testing studies, as clearly stated in the paper by Zuur et all the authors cited and also , for example, by the book "Regression Modeling Strategies", chapter 4, by Harrell. For hypothesis testing studies it may be better to make use of a priori knowledge to select variables. However, because this is a well performed study, it is enough for me that the authors explain the difference between the variable selection method they have chosen and the different approach based on "a priori" knowledge" that Zuur and Harrell suggest. For example, the results the authors got for the Gini Index can't' be explained better by using another unselected variable?
Answer: Our intention was to conduct a hypothesis-generating study. We changed parts of the manuscript text to make it clearer and we point out, where it was necessary, that the associations found were at the municipal level. Thus, the use a stepwise algorithm for model selection of model's variables could be considered adequate in this case.
As we pointed out in the beginning of this answer to the reviewers and trying to deal your last question ("Looking at fig. 2 , are the authors sure there is homogeneity of variance, have they performed some additional tests?"), we obtained a better model than the model that we presented in the first version of our manuscript. It is better than the previous one because it has homogeneity of the variance of the residuals and it is more parsimonious. Our final model included only the following covariates: "Mammography ratio", "Percentage of women with private health care" and "Proportion of women of childbearing age who did not have children". We thank you for your observation.
Another point to be clarified is the following: in the Introduction section the authors correctly said that there are some risk factors, such as diet rich in processed and red meats, not included in this study because these variables are not available. Because the results and the conclusions of the authors are very strong about screening effect on breast cancer mortality, in the discussion it is mandatory to evaluate the possible confounding effect of the not available variables on the results. For example: would it be possible that the screened women are the ones with the worst diet?
Answer We added the information about meat consumption (last paragraphn of the item "Users of private health sector" of the Discussion). Red and processed meat intake was excessive in almost the entire population, and there was a higher consumption of meats, particularly poultry and processed meats, in 2008 than in 2003. We also used the nulliparity rate as a surrogate for never breastfeeding, as recent and robust evidence show a dose-dependent effect in protecting from breast cancer.
Minor revision As said above, the stronger conclusions are the ones about screening and breast cancer mortality. The effect of breast cancer screening takes many years to influence breast cancer mortality. Report the start (year) of screening in the State of Sao Paulo. If not synchronous in different areas, give some summary indication. Specify if the mammography ratio is in the context of organized screening programs or opportunistic.
Answer Breast cancer screening in Brazil is basically opportunistic, data was included in the paper (7th paragraph of "Users of private health sector" of the Discussion).
The authors give two kinds of results: the estimate of the effect of risk factors on rates and the spatial variation of the rates. Add one sentence to clarify the link between the two measures presented by the study.
Answer:
We included the following phrase in the 4th paragraph of Results: "Municipalities with high breast cancer mortality rates (Figure 1 ) would be those with high values of the variables associated positively with mortality from breast cancer ( Table 2 ).
Looking at fig. 2 , are the authors sure there is homogeneity of variance, have they performed some additional tests?
Answer We answered this issue in the beginning of part B of this text (B -Comments of the reviewers and answers).
VERSION 2 -REVIEW
REVIEWER
Paolo Contiero
Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy REVIEW RETURNED 03-Jul-2017
GENERAL COMMENTS
In my opinion the authors have completely answered to the questions raised. This paper show very interesting results about screening mammography that it is important to spread all around the world. Not for generate a Minor Revision Recommendation but only as a suggestion to the authors, the sentence "The overdiagnosis of breast cancer is commonly estimated around 30%" is an overestimation, many papers report relevant but lower estimates, for example the "Canadian National Breast Screening Study" shows 16% for women aged 50-59 (Revised estimates of overdiagnosis from the Canadian National Breast Screening Study. Baines CJ, To T, Miller AB. Prev Med. 2016).
